CLAIMS 

What is claimed is: 

1 1 . A system for removing photoresist from a semiconductor substrate comprising: 

2 a processing chamber; / 

3 a power source for providing power to a plasma within the processing chamber; 

4 a support for the substrate positioned such that the substrate is exposed to plasma 

5 products from the plasma to remove the photoresist; / 

6 a gas system configured to maintain a pressure of less than about 500 mTorr in the 

7 processing chamber during at least a portion of the time that the substrate is exposed to the 

8 plasma products to remove the photoresist. / 

1 2. The system of claim 1 , wherein the power source delivers a peak ion density of 
LJ 2 magnitude 10 10 ions/cm 3 or greater. / / 

yj l 3. The system of claim 1 , wherein/the po^er source is configured to produce a plasma 

fh 2 having an electron temperature in the^ange pf from about 5 to 1 5 eV. 

Ul 1 4. The system of claim 1, further including a second RF power source connected to the 

2 support for the substrate. / I 

\T l 5. The system of claim 4/ wherem the second RF power source is configured to deliver a 

D 2 power in the range of from afcout 2*y to 300 watts to the substrate. 

1 6. The system of claim 4, wherein the power source is configured to produce a current to 

2 the support of at least ajoout 0.3 mA/cm 2 . 

1 7. The system or claim 1, wherein the temperature of the substrate is less than or equal 

2 to about 120°C. / 

1 8. The system of claim 7, wherein the temperature of the substrate is less than or equal 

2 to about 100°C./ 

1 9. The system of claim 7, wherein the temperature of the substrate is less than or equal 

2 to about 85°C. 
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10. The system of claim 1, wherein the power source for providing p<$wer to the plasma is 
selected from the group consisting of a resonant microwave plasma sjemrce, a resonant cavity 
microwave source, a non-resonant microwave plasma source, an ultra high frequency plasma 
source, a resonant inductive plasma source, a resonant cavity inductive source, and a 
capacitively coupled plasma source. 

1 1 . The system of claim 1, wherein the power sourc^/for providing power to the plasma is 
an electron cyclotron resonance source. 

1 2. The system of claim 1 , wherein the power j^ource for providing power to the plasma is 
a non-resonant microwave plasma source ^whiclpncludes a^uface-wave source. 

13. The system of claim 1 , wherein triejpower soupee for providing power to the plasma is 
an ultra high frequency plasma source wl^nmcluaes an antenna configured to couple 
electromagnetic energy of frequency greater than about 100 MHz into the plasma. 



14. The system of claim 1 , 
a helicon wave source. 



where 




; power source for providing power to the plasma is 



15. The system of claim 1 , ^vherein the power source for providing power to the plasma is 
a helical resonator. 

1 6. The system of clairii 1 , wherein the power source for providing power to the plasma is 
a resonant cavity inducti/e source configured to operate at a pressure of up to about 300 
mTorr. 

1 7. The system of claim 1 , wherein the power source for providing power to the plasma is 
a capacitively coupled plasma source configured to operate at a pressure of up to about 1 0 
Ton*. 

^1^ A method of removing photoresist from a semiconductor substrate, the method 
comprising: 

providing a gas/flow to a processing chamber; 

providing p^awer from a first source to the gas within the processing chamber to 
generate a plasr 
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providing power from a second source to a substrate support such that the substrate is 
exposed to plasma products within the processing chamber; / 
using the plasma products to remove the photoresist; and / 
maintaining a gas pressure within the processing chamber m less than about 500 
mTorr during at least a portion of the time that the substrate is exposed to the plasma 
oducts to remove the photoresist. / 

19. The method of claim 18, wherein the gas flow indudes a principal gas, an inert 
diluent gas, and an additive gas. / 

20. The method of claim 19, wherein the principal gas is selected from the group 
consisting of oxygen, hydrogen, and water vapor. 

21. The method of claim 20, wherein the principal gas is oxygen, and the inert diluent gas 
is selected from the group consisting of/a noble gas and nitrogen. 

(22, The method of claim 20, wherein the principal gas is hydrogen, and the inert diluent 
gas is selected from the group c^sisting^of helium, argon, and nitrogen. 

23. The method of claim 20, whereip the principal gas is water vapor, and the inert 
diluent gas is selected from/the group consisting of helium, argon, and nitrogen. 

24. The method of claim 1 9, wherein the principal gas is oxygen, and the additive gas is 
selected from the groitp consisting of water vapor, methyl alcohol, ethyl alcohol, hydrogen, 
methane, ammoniac/methyl amine, ethyl amine, carbon dioxide, formaldehyde, nitrous oxide, 
nitric oxide, nitrogen dioxide, and oxides of sulfur. 

25. The method of claim 19, wherein the principal gas is selected from the group 
consisting ofTiydrogen and water vapor, and the additive gas is selected from the group 
consisting of oxygen, methane, ammonia, water vapor, methyl alcohol, ethyl alcohol, nitrous 
oxide, nitric oxide, nitrogen dioxide, and oxides of sulfur. 

26. /The method of claim 1 8, wherein the gas flow is less than about 3,000 standard cubic 
centimeters per minute. 
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1 27. The method of claim 1/8, wherein the step of maintaining the gas pressure within the 

2 processing chamber at less thiin about 500 mTorr further comprises maintaining the pressure 

3 at less than about 200 mTorr. 



l 
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28. The method of claim 18, wherein the step of providing a first source of power to the 
gas within the processing chamber to generate a plasma further comprises providing a power 
within the range of about 1,000 to 2,500 watts at a frequency of aboutfl3.56 MHz. , 



1 29. The method of claim 18, wherein the step of providing a second source of power to a 

2 substrate support further comprises supplying a bias power to the substrate support within the 

3 range of about 0.1 to 2.0 watts/cmi 

1 (30. The method of claim 1 8, further comprising the step of maintaining the substrate at a 

2 temperature of less than about 1 00°(E. 

1 3 L The method of claim 24, whqrein the additive gas further comprises a halogen. 

1 -32. The method of claim 25, wherein the principal gas is hydrogen, and the gas flow 

2 further comprises a halogen. 

1 33. The method of claim 25, wherein the principal gas is water vapor, and the gas flow 

2v further comprises a halogen. 




A method of removing photoresist from a semiconductor substrate, wherein the 
photoresist includes a crosslinked photoresist crus^overlying bulk photoresist, the method 
comprising: 

providing a flow of a first gas t^a\)j^cessing^5hamber; 
inductively coupling power tcVthe'first ops within the processing chamber to generate 
a first plasma; 

using the first plasma to etcfi th^ crosklinked photoresist crust; 
providing a flow of a seconcLgas to the\processing chamber; 

coupling power to th^second gas withip the processing chamber to generate a second 
plasma; and 

using the secon^plasma to remove the 1>ulk photoresist. 

V 
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1 35. The method of claim 34, wherein: 

2 the first gas flow comprises oxygen at a flow rate in the range of about 40 to 150 

3 standard cubic centimeters per minute, and 

4 the second gas flow comprises oxygen at a flow rate greater than about 1 ,000 standard 

5 cubic centimeters per minute. 



1 
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36. The method of claim 34, /further comprising: 
maintaining a pressure ifi the processing chamber of from about 2 to 1 0 mTorr during 

etch of the crosslinked photoresist crust using the first plasma; and 

maintaining a pressure in the processing chamber of about 1 Torr during removal of 
the bulk photoresist using the second plasma. 

37. The method of claii/i 34, wherein: 

the power that is inductively coupled,to the first gas is in the range of about 1 ,000 to 
about 2,500 watts; and / 

the power thatis/ coupled to/tfie second gas is about 1,000 watts 



38. 



The method 



of/claim 34, further comprising applying a bias power to a substrate 



support when the firsrt: pis sma is etching the crosslinked photoresist crust, wherein the bias 
power is in the range W about 25 to 150 watts at a frequency of about 13.56 MHz. 



1 39. The method of claim 34, further comprising maintaining the temperature of the 

2 substrate at less than or equal to about 100°C during the etch of the crosslinked photoresist 

3 crust. 



1 40. The method of claim 34, further comprising maintaining the temperature of the 

2 substrate at less than or equal to about 150°C during the removal of the bulk photoresist. 

1 41 . The method of claim 34, wherein: 

/ 

2 the first gas flow comprises oxygen at a flow rate of less than about 500 standard 

3 cubic centimeters per minute; 

4 thejsecond gas flow comprises oxygen at a flow rate within a range of about 1 to 

5 about 3 standard liters per minute; and 
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6 the temperature of the substrate during exposure tcyrhe first plasma is in the range of 

7 about 150°C to about 250°C. 
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42. The method of claim 34, wherein the first gasiiirther comprises an additive gas 
selected from the group consisting of water vapor, methyl alcohol, ethyl alcohol, hydrogen, 
methane, ammonia, methyl amine, ethyl amine, ca/bon dioxide, formaldehyde, nitrous oxide, 
nitric oxide, nitrogen dioxide, and oxides of sulf 

43. The method of claim 34^ wherein the second gas further comprises an additive gas 
selected from the group consisting of water vapor, methyl alcohol, ethyl alcohol, hydrogen, 
methane, ammonia, methyl amine, ethyl aimne, carbon dioxide, formaldehyde, nitrous oxide, 
nitric oxide, nitrogen dioxide, and oxidesyof sulfur. 

44. The method of claim 34, wherein: 
the pressure of the first gas in jthe processing chamber is less than or equal to about 50 

mTorr, and 

the pressure of the second gas in the processing chamber is about 1 Torr. 

45. The method of claim 34,/wherein: 
the power that iS/Coupl^d to the fir^f gas to generate the first plasma is at least about 

200 watts; and 



the power that is coi 



range of about 800 watts to about 1200 watts 



1 46. 



iled to^tne second gas to generate the second plasma is in the 



The method of c/aim 34, wherein the temperature of the substrate during the removal 



2 X of thd bulk photoresist/is about 250°C. 

1 ^^N^ ^ met ' loc ^ ofitemoving photoresist from a semiconductor substrate having vertical, 

2 low-k dielectric surfaces and horizontal surfaces, the method comprising: 

3 providing a gas flow to a processing chamber; 

4 providing a first source of power to the gas within the processing chamber to generate 

5 a plasma; 

6 accelerating ions from the plasma at directions substantially perpendicular to the 

7 plane of the substrate such that the ions impinge on the vertical, low-k dielectric surfaces of 

8 the substrate less frequently than on the horizontal surfaces of the substrate. 
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1 48. The method of claim 47, wherein the low-k dielectric surfaces are subject to oxidation 

2 by oxygen, hydrogen, and hydroxyl radicals from the plasma. / 

1 49. The method of claim 48, wherein: / 

2 the gas flow comprises oxygen at a pressure withm the processing chamber of less 

3 than about 1 Torr; / 

4 the first source of power is an inductively coupled plasma source which couples 

5 power to the gas within the processing chamber m the range of about 200 watts to 5,000 

6 watts; / 

7 a second source of power is provided /o a substrate support such that the substrate is 

8 exposed to plasma products within the pro^ssing chamber; and 

9 the bias power to the substrate support ranges from about 0.1 to about 2.0 watts/cm 2 . 

1 50. The method of claim 48, wherein: 

2 the gas flow comprises oxygen and is maintained at a pressure within the processing 

3 chamber in the range of about 5 rriTorr to ^ Torr; 

4 the first source of powe/ is a cagfacitively coupled plasma source which couples power 
5v to the gas within the procjessmg chapber at a level less than about 3.0 watts/cm 2 . 

1 5 IK A method of remck4rr&_pnotoresist from a semiconductor substrate having vertical, 

2 low-k dielectric surfaces/the method comprising: 

3 providing a gasilow to a processing chamber; 

4 providing a first source of power to the gas within the processing chamber to generate 

5 a plasma; / 

6 providing ^second source of power to a substrate support such that the substrate is 

7 exposed to plasma products within the processing chamber; 

8 depositing a protective polymer layer on the vertical, low-k dielectric surfaces of the 

9 substrate. / 

1 52. The method of claim 5 1 , wherein the gas flow comprises a principal gas selected from 

2 the grout/consisting of oxygen, an oxygen containing gas, hydrogen, a hydrogen containing 

3 gas, ana water vapor. 
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1 53. The method of claim 52, wherein the gas flow further comprises a principal etchant 

2 selected from the group consisting of nitrogen oxides, carbon cjioxide, ethyl alcohol, methyl 

3 alcohol, and sulfur oxides. 

1 54. The method of claim 52, wherein the gas flow fi6ther comprises an additive gas 

2 selected from the group consisting of alcohol, hydrogen diluted in an inert gas, ammonia, and 

3 hydrocarbon. 

1 55. The method of claim 54, wherein the)6ert gas is selected from the group consisting of 

2 helium, argon, and ammonia. 

1 56. The method of claim 5 4, where&i the by 6 roearbon J s selected from the group 

2 consisting of ethane, methane, butane, ethylene, acetylene, propane, benzene, cyclohexane, 

3 and cyclobutane. 

1 57. The method of claim 5^, wherein the gas flow further comprises an additive gas 

2 comprising a silicon-contairnng gas an4 a fluorine-containing gas. 

1 58. The methodfbf claim 57, Wherein the silicon-containing gas is selected from the group 

2 consisting of silane, disilane, methylated silane, TEOS, and TMCTS. 



1 59. The meth( 

2 group consisting 
hexafluoromethane. 



r ot^cl3jffi 57, wherein the fluorine-containing gas is selected from the 
itrogen trifluoride, difluoromethane, trifluoromethane, and 



1 60Sv. A method of removing photoresist from a semiconductor substrate in the presence of 

2 a silicon an4 carbon-containing low-k dielectric material, the method comprising: 

3 providing a gas flow to a processing chamber; 

4 p/oviding a first source of power to the gas within the processing chamber to generate 

5 a plasr 

6 /providing a second source of power to a substrate support such that the substrate is 

7 exposed to plasma products within the processing chamber; and 

8 / removing the photoresist. 
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1 61 . The method of claim 60, wherein the gas flow includes a princip^d'gas, an inert 

2 diluent gas, and an additive gas. 

1 62. The method of claim 61, wherein the principal gas is selec^6d from the group 

2 consisting of hydrogen, oxygen, and methane. 

1 63. The method of claim 61 , wherein the inert diluent g4s is selected from the group 

2 consisting of a noble gas and nitrogen. 

1 64. The method of claim 61, wherein the additive gas is selected from the group 

2 consisting of ammonia, methyl alcohol, water vapor, and a fluorine-containing gas. 

1 65. The method of claim 64, wherein the ^ftiorine containing gas is selected from the 

2 group consisting of C2F2, CHF 3 , and CH2F0 

1 66. The method of claim 60, whereip the gas flow is in the range of about 10 to 1,000 

2 standard cubic centimeters per minute: 

1 67. The method of clainy^O^Wnerein thp'pressure of the gas within the processing 

2 chamber is maintained at le >s than aboitf'zOO mTorr. 

1 68. The method of clairn/60/ wherein the step of providing a first source of power to the 

2 gas within the processing 9h^n/ber to generate a plasma further includes providing power in 

3 the range of about 200 to/2,000 watts. 

1 69. The method ofi^claim 60, wherein the step of providing a second source of power to a 

2 substrate support further includes supplying a bias power to the substrate support in the range 

3 of about 0. 1 to 2.0 watts/cm 2 . 

1 70. The method of claim 60, wherein the substrate is maintained at a temperature of less 

2 than or equal tcf about 100°C when the principal gas comprises oxygen and methane, and in 
3\ the range of ajfout 100°C to 150°C when the principal gas is hydrogen. 




1 7\^ A method of removing photoresist from a semiconductor substrate in the presence of 

2 a non-carbcm containing silsesquioxane low-k dielectric material, the method comprising: 

3 providing a gas flow to a processing chamber; 
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4 providing a first source of power to the gas within the processing chamber to generate 

5 a plasma; 

6 providing a second source of power to a substrate support ^ch that the substrate is 

7 exposed to plasma products within the processing chamber; an£ 

8 removing the photoresist. 

1 72. The method of claim 71, wherein the gas is predominantly oxygen. 

1 73. The method of claim 71 , wherein the pressure of the gas within the processing 

2 chamber ranges from about 2 to about 200 mTony 

1 74. The method of claim 71 , wherein the step of providing a first source of power to the 

2 gas within the processing chamber to generaye a plasma further includes providing a power in 

3 the range of about 200 to 2,000 watts. 

1 75. The method of claim 71, wherein the bias power to the substrate support is in the 

2 range of about 0.1 to 2.0 watts/cm 2 

1 76. The method of claim 71, vs^Kerein the temperature of the substrate is less than or equal 

2\ to about 100°C. 
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?V . A method of removing photoresist from a semiconductor substrate in the presence of 
an organic low-k dielec ric mktepm, the method comprising: 

flow to a processing chamber; 
providing a first $OyUrce of power to the gas within the processing chamber to generate 
a plasma; 

providing a se6ond source of power to a substrate support such that the substrate is 
exposed to plasma products within the processing chamber; and 
removing the photoresist. 



1 78. The method of claim 77, wherein the gas flow comprises a principal gas and an 

2 additive gas. 

1 79. The ij/iethod of claim 78, wherein the principal gas comprises oxygen at less than 50 

2 percent of tne total flow. 
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1 80. The method of claim 78, wherein the principal gas further comprises a hydrogen 

2 containing gas to form a net reducing atmosphere. 

1 81. The method of claim 78, wherein the additive gas is selected from the group 

2 consisting of methane, ethane, propane, butane, cyclobutane, cyclohexane, benzene, 

3 methanol, ethanol, propanol, carbon dioxide, hydrogen, nitrogen, ammonia, silane, disilane, 

4 TEOS, water vapor, formaldehyde, acefaldehyde, and ethylene oxide. 

l 82. The method of claim 77, wherein the'gas flow is less than about 1,000 standard cubic 



2 centimeters per minute. 



1 83. The method of claim 7//, wherein the pressure of the gas within the processing 

2 chamber is in the range of ^oput 1 to 200 mTorr. 

1 84. The method of pfaim 77, wherein the step of providing a first source of power to the 

2 gas within the processing chamber to generate a plasma further includes providing a power in 

3 the range of about 200 to 2,000 watts. 



1 85. 



The method of claim 77, wherein the bias power to the substrate support is in the 



2 range of abou/0.1 to 2.0 watts/cm . 
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